Betel quid chewing may therefore have some carcinogenic and tumour-promoting activity in the liver making it pertinent to assess the possible effects of betel quid chewing on the development of HCC, which is one of the most common prevalent cancers in Taiwan (Tsai et al, 1996a (Tsai et al, , 1997a . The betel quid hypothesis was tested using the data collected in a case-control study of risk factors for HCC
MATERIALS AND METHODS

Study population
263 consecutive newly diagnosed patients with HCC, 205 males and 58 females, were recruited as the case group from Department of Internal Medicine, Kaohsiung Medical University Hospital during the period from August 1996 to December 1997. HCC was diagnosed by aspiration cytology or biopsy. During the same study period, 263 healthy community residents, who entered the hospital for physical check-up, matched on age (±3 years) and sex, were enrolled as the control group. All controls had normal serum aminotransferase levels and with no space-occupying lesion in the liver, as evidenced by normal abdominal sonography. There was no difference in median age between cases (59 years; range: 29-83 years) and controls (59 years; range: 29-82 years).
Structured questionnaire and standardized interview
We designed a structured questionnaire to obtain information on age, sex, educational level, habits of smoking (cigarettes per day and duration of smoking), alcohol drinking (the quantity and duration of drinking, types of alcoholic beverage), betel quid chewing practice (duration of habit, daily amount consumed, type of betel quid ingredients consumed). A habitual betel quid chewer was defined as chewing one quid or more daily for at least one year. A habitual cigarette smoker was defined as smoking one cigarette or more per day for at least one year. A habitual alcohol drinker was defined as drinking alcohol for more than four days a week for at 
Serological examination
An aliquot of 7 ml blood was collected by vacuum syringe with disposable needle from each study subject. Serum samples separated were aliquoted and kept at minus 70˚C until tested. Hepatitis B surface antigen (HBsAg) was tested by radioimmunoassay using commercial kits (Abbott Laboratories, North Chicago, IL). Antibodies to hepatitis C virus (anti-HCV) were detected by second generation ABBOTT HCV EIA (Abbott Laboratories, North Chicago, IL). For anti-HCV, reactive specimens were retested. Only repeatedly reactive specimens were interpreted as anti-HCV positive. Conventional liver function tests were tested by an autoanalyser.
Statistical analysis
The Mann-Whitney U test was used to compare the difference between medians of continuous variables. The χ 2 test with Yates' correction was used to compare differences between proportions. Odds ratio (OR) with 95% confidence interval (95% CI) was used to estimate causal relations between risk factors and exposure. Mantel extension test for trend was used to estimate the dose-response relationship among risk factors. A conditional logistic regression analysis was used for multivariate analysis. Adjusted odds ratios and 95% CI were derived from logistic regression coefficients to provide an estimate of the statistical association between a given variable and the disease (HCC) with the other variables held constant. Synergy index was used to estimate the interactive effect between risk factors (Rothman, 1986) . To calculate the population-attributable risk for factors significantly associated with HCC development in multivariate analysis, the frequency distribution of these risk factors in the control group was used to represent the proportion of persons exposed to the factor in the general population. If there is additive interaction among these risk factors, the sum of each attributable-risk may exceed 100%. An alpha of 0.05 was used as the indicator of significance.
RESULTS
Independent risk factors for HCC
Univariate analysis indicated that betel quid chewing (OR = 4.05, 95% CI, 2.35-7.00), HBsAg-positivity (OR = 6.57, 95% CI, 4.38-9.85), anti-HCV-positivity (OR = 9.98, 95% CI, 5.12-19.88), educational level less than 10 years (OR = 1.63, 95% CI, 1.14-2.34), alcohol drinking (OR = 2.41, 95% CI, 1.48-3.94), and smoking (OR = 1.58, 95% CI, 1.09-2.28) were significant risk factors of HCC. The adjusted ORs for factors such as betel quid chewing, HBsAg-positivity, anti-HCV-positivity, and educational level less than 10 years remained significantly elevated even after multivariate analysis (Table 1) . The estimated populationattributable risk was 27.63% (95% CI, 13.45-29.84) for subjects with anti-HCV alone, 46.86% (95% CI, 23.41-40.37) for subjects with HBsAg alone, 5.78% (95% CI, 1.08-9.71) for subjects positive for anti 20.19% (95% CI, ) for all betel quid chewers; and 23.22% (95% CI, 9.28-28.41) for those had educational duration of less than 10 years.
Interactive effect between betel quid chewing and chronic HBV/HCV infection
As shown in Table 2 , using subjects without betel quid chewing and negative for both anti-HCV and HBsAg as a referent group, the risk for HCC increased significantly in subjects with HBV and/or HCV infection. The estimated ORs were found to be higher in betel quid chewers infected with HBV or HCV infection (Table 2) . Table 3 displays the interactive effect between betel quid chewing and HCV infection. By using anti-HCV-negative subjects without chewing betel quid as a referent group, either betel quid chewing or presence of anti-HCV were independent risk factors for HCC. The highest ORs were found in anti-HCV-positive betel quid chewers (Table 3 ). Calculation of synergy index indicated that there was an additive interaction between betel quid chewing and HCV infection. Similarly, the risk for developing HCC was strongly associated with the presence of HBsAg and chewing betel quid (Table 4) . Moreover, HBsAg-positive betel quid chewers had the highest OR, and a synergy index of 5.37. This result indicated an additive interaction between betel quid chewing and HBV infection.
Characteristics of betel quid chewing in HCC patients and controls
All betel quid chewers chewed areca nut. Chewing with betel leaf or with unripe betel fruit was strongly associated with the risk of HCC (Table 5 ). The duration of chewing betel quid for more than 20 years is an independent risk factor of HCC development (OR = 13.78, 95% CI, 3.88-51.43). Moreover, the longer the duration of betel quid chewing, the higher the risk of developing HCC (P for trend < 0.0001; Table 5 ). The median value of total amount of betel quid consumed in HCC patients (182 500 quids; range: 73 000-730 000 quids) was higher than that (109 500 quids, range: 10 290-547 500 quids) in controls (P = 0.0001). There was an increased risk for developing HCC in subjects consumed more than 100 000 quids (OR = 4.54, 95% CI, 1.40-14.99). There is a positive linear trend between betel quids consumed and the risk for HCC (P for trend < 0.0001; Table 5 )
Clinical characteristics in HCC patients according to betel quid chewing
As shown in Table 6 , there was marginal significance in the median age between patients with betel quid chewing and those without (P = 0.058). HCC patients with betel quid chewing were predominantly male (P = 0.0001), and tended to be anti-HCVnegative (P = 0.008). All 71 habitual betel quid chewers were cirrhotics (P = 0.0001). Betel quid chewers were frequently habitual smokers (P = 0.0001) and alcohol drinkers (P = 0.0001).
DISCUSSION
By using a formal epidemiological approach, this study provides evidence that habitual betel quid chewing is an independent risk factors for HCC. However, the estimated population-attributable risks indicate that chronic HBV/HCV infections are the most important risk factors of HCC in Taiwan (Table 1) . Since betel quid chewing has not been shown to be a risk factors of HCC before, it is important to validate that our finding is not due to confounding bias. The bias may result from the control selection, information bias, or by un-controlling confounding factor. According to medical records, our healthy controls were healthy subjects who entered the hospital voluntarily for physical checkup. The prevalence of HBsAg (22.1%) and anti-HCV (4.6%) in our healthy controls was similar to those in volunteer blood donors (Tsai et al, 1997b) or community controls in the same area (Tsai et al, 1993 (Tsai et al, , 1996a (Tsai et al, , 1996b . The estimated prevalence of current betel Mann-Whitney U test was used for comparison of continuous data, whereas χquid chewers in the same community inhabitants was around 6.5% (Ko et al, 1992; Chen and Shaw, 1996) . Moreover, the higher the educational level achieved, the lower the likelihood of being a betel quid chewer (Ko et al, 1992) . As the population of betel quid chewing in Taiwan has recently increased year by year, the prevalence of habitual betel quid chewing in our controls (8.36%) seemed reasonable. Among our controls, the frequency of betel quid chewing in subjects with educational level less than 10 years was significantly higher than that in those with more educational level (12.69% vs. 4.37%, P = 0.024). Moreover, there was no significant difference in the prevalence rates of habitual alcohol drinking and smoking between our controls and those (11% for alcohol and 65.5% for smoking, respectively) in another casecontrol study (Chen et al, 1991) . Based on the information mentioned above, our controls seem be representative for general population of Taiwan, and make bias unlikely from control selection or under-reporting of life-style habits.
As shown in Tables 3 and 4 , although the number of betel quid chewers with either HBV or HCV infection among the controls is small, the OR for HBV-or HCV-infected betel quid chewers seems to be greater than the sum, but lower than the product of the OR for either betel quid chewers alone or subjects with either viral infection alone. Based on a calculation of synergy index, an additive interaction between betel quid chewing and either HBV or HCV infection was deduced (Rothman, 1986) . However, there was no multiplicative interaction between betel quid chewing and either HBV or HCV infection on multivariate analysis (data not shown). Taken together, these observations suggest an independent effect and an additive interaction between betel quid chewing and either HBV or HCV infection on the development of HCC.
Both genetic and environmental factors determine individual susceptibility to cancer. Carcinogens derived from betel quid chewing may induce p53 mutation (Wong et al, 1998; Chiang et al, 1999) and over-expression of c-myc protein (Baral et al, 1998) with activated ras oncogene and subsequent over-expression of cell cycle regulatory protein, cyclin D1 (Kuo et al, 1995 . These genetic alterations may have occurred in the process of hepatocarcinogenesis (Idilman et al, 1998; Ozturk, 1999) . Animals with chronic betel quid feeding developed chronic hepatocyte necroinflammation (Sarma et al, 1992) and liver cancer (Bhide et al, 1979; Nishikawa et al, 1992) . Although a causal relationship has not been conclusively established, chronic inflammation of the liver appears to be a risk factor for HCC regardless of the underlying aetiology (Tsai et al, 1996a (Tsai et al, , 1997a Idilman et al, 1998) . Though the mechanism is unknown, episodic necroinflammation has been considered important not only in inducing cirrhosis, but also in promoting transformation and progression to HCC (Idilman et al, 1998) . Recent necroinflammation may be a promoting factor that serves as an endogeneous cocarcinogen. Inflammatory byproducts, including oxygen-derived free radicals and other reactive oxygen species, may cause cellular or DNA damage that could be involved in hepatocarcinogenesis (Hagen et al, 1994; Shimoda et al, 1994; Farinati et al, 1999) . In this study, all HCC patients with habitual betel quid chewing also had cirrhosis (Table 6 ). Although cirrhosis is a late sequela of chronic HBV/HCV infection, declining liver function and reactive oxygen species induced during chronic betel quid chewing (Liu et al, 1996) may contribute, at least in part, to an additive interaction between betel quid chewing and chronic HBV/HCV infection.
Little is known about the role of the betel leaf in the betel quid carcinogenesis. The saliva of a betel quid chewer contains on average 420 µmol l -1 of safrole (Hwang et al, 1993) . Safrole has been classified by the International Agency for Research on Cancer as a group 2B carcinogen (Vainio and Wilbourn, 1992) . Experimental study has shown that safrole-induced liver carcinogenesis correlated with the formation of safrole-DNA adducts (Philips, 1994) . Recently, safrole-DNA adducts were found in HCC tissue from a heavy betel quid chewer (Liu et al, 2000) . The distribution of these adducts was similar to that found in safroletreated mice: highest in the liver and lower in other tissues. Furthermore, safrole-DNA adduct could not be found in HCC tissue from patients who did not chew betel quid. This information indirectly supports our finding that betel quid chewing is an independent risk factor of HCC. In conclusion, habitual betel quid chewing appears to be an independent risk factor of HCC and an additive interaction between betel quid chewing and chronic HBV/HCV infection.
